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On a very high dispersion spectrogram of Mars we have searched unsuccessfully 
for Martian HIO lines near A 7200. The plate was taken on a very dry ni&t when 
t h e  Dnpp!er shift 5-85 suEcient to  displace any Mars H?O lines 0.29A from their 
telluric counterparts. From this data we have derived an upper limit for the inte- 
grated Martian water vapor abundance of approximately 3.5 x lo3 gm/cm' (35 p ) .  
The practical limits for detection of Martian water vapor by Earth-bound, balloon, 
and space probe techniques indicate that spectroscopic observations from the Earth 
can be refined to a point where they are at leaat as sensitive as present infrared 
space experiments. 

INTRODUCTION 
The most recent of a long list of unsuc- 

cessful spectroscopic searches for Martian 
water vapor was made by Kiess et al. 
(1957). Their conservative estimate of the 
Martian H,O abundance placed the upper 
limit a t  8 X gm/cmz (80 p precipita- 
ble water). The more severe upper limit of 
approximately 10 p determined by Dun- 
ham (1952) has been criticized by Hess 
(1961). Our new determination takes into 
account the actual meteorological condi- 
tions a t  Victoria during the observation, 
and uses a well-determined curve of 
growth for both the telluric and hypotheti- 
cal Martian H,O lines. However, we must 
note that  the older H,O upper limits and 
ours refer to a large ambiguous region on 
the daylight side of Mars. We did not have 
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enough spacial resolution to observe a par- 
ticular region of the planet-like a melting 
zone near a polar cap. To do this one 
would need the scale of the Hale reflector 
or the Lick 120-inch. 

THE OBSEBVATION 
E. H. Richardson obtained an excellent 

high dispersion spectrogram of Mars 
(V 477) on December 24, 1962 with the 
96-inch coudQ camera a t  the Victoria 48- 
inch reflector. The dispersion was 3.1 A/ 
mm on water-sensitized I-N emulsion. 
The 7 hour exposure covers the region Ah 
6900-7900. Unfortunately no image rota- 
tor was available, so the planet rotated 
under the slit about 100" during the ex- 
posure. First examination of the spectro- 
gram indicated that a very sensitive deter- 
mination of the hlartian H,O abundance 
was possible since the telluric water vapor 
lines were much weaker than usual a t  Vic- 
toria. At this date the Doppler shift at 
X 7200 was -0.29A. 
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THE REDUCTION PROCEDURE 
We have searched for weak Martian 

water vapor lines 0.29 A shortward of their 
telluric counterparts in two ways. First, we 
made direct intensity microphotometer 
tracings a t  Victoria and a t  the California 
Institute of Technology a t  the X 7200 H,O 
band region. Examination of these tracings 
a t  unblended telluric H,O lines and a t  H,O 
lines blended only on their longward wings 
in the solar spectrum, indicated no line 
asymmetries (see Fig. 1 ) .  The Doppler 

of the plate under suitable magnification 
shows weak solar lines down to WA = 8 or 
9 d. No Martian H,O lines of this 
strength can be seen near the telluric water 
vapor lines; the Doppler shift appears suf- 
ficient to clear the shortward wings of the 
Earth's water vapor lines in a visual in- 
spection of the plate and on enlarged high- 
contrast prints of this spectrogram. 

The reason for a superior detection limit 
for Martian H,O lines compared to a simi- 
lar attempt for Venus (Spinrad, 1962) is 
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F I ~ .  1. The actual tracing of the region near A 7273 on Victoria plate V 477. The position of 
the Martian H20 line component is indicated by an arrow; there is 120 line asymmetry visible. 

shift of -0.29A would be sufficient to shift 
any Martian water vapor line almost clear 
of the corresponding telluric line; the Mar- 
tian component would lie far out on the 
shortward wing of the telluric line. Figure 
2 indicates schematically a hypothetical 
Mars H,O line superposed on a typical 
strong telluric water vapor line on plate 
V 477. The line profile for the telluric line 
is taken directly from the tracings; the 
hypothetical Mars line has an equivalent 
width of 10 mA and a half-width equal to 
that of the instrumental contour, observed 
by tracing lines in the iron-arc comparison 
spectrum. Figure 2 shows a noticeable 
asymmetry not observed in the Mars spec- 
trum. The second search method is prob- 
ably even more sensitive; visual inspection 

that any Martian planetary lines would be 
intrinsically very sharp. They are narrow 
due to the low pressures ( ~ 0 . 1  atm) and 
fairly low temperatures prevalent on Mars. 
The Lorentz and Doppler widths of any 
Martian water vapor lines in the photo- 
graphic infrared would be considerably be- 
low the instrumental slit width; the total 
half-width of the comparison lines was 
0.09A on V 477. Thus any Martian lines 
would have a profile like the Fe arc com- 
parison lines-while for Venus, where ' 

pressures are high, planetary lines could 
be quite broad. The broad Cytherean lines 
would be much harder to detect by visual 
inspection or careful spectrophotometry 
than any sharp Martian features. 

Since we state that  there are no Martian 
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SCHEMATIC H20 LINE PROFILES-MARS (IOrnA)+ EARTH 
(300mA) xx7184, 7191, 7273 
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FIG. 2. The superposition of a hypothetical Martian H20 line on a telluric HzO line in the X 7200 
band. Note the asymmetry in the shortward wing of the composite line. Such asymmetry is not ob- 
served in the Mars near-infrared spectrum, however. 

H,O lines with strengths WA > 9 mi$, we 
can deduce only an upper limit to the 
integrated H,O content of the Mars at- 
mosphere. First, we need to know some 
meteorological data on the conditions 
above Victoria on December 24, 1962. 
Through the cooperation of the Chief Fore- 
caster a t  the Meteorological Office in Van- 
couver, B. C., and the U. s. Weather 
Bureau stations a t  Seattle and Olympia, 
Washington, we have determined the 
amount of precipitable H,O above Vic- 
toria. We find that W e =  0.4 gm/cmz 
(4 mm H,O) in the vertical above the 
observatory a t  the time of the Mars ex- 
posure. The night was indeed quite dry. We 
estimate from the radiosonde data that the 
mean temperature in the Earth's water 
vapor layers ( P z O . 8  atm) was then 
about -15°C (258°K). This value is 
probably not much greater than the tem- 
perature of the lower atmosphere of Mars 
on the dayside (+240"K)-so in our 
abundance limit to follow we have assumed 
any Boltzmann-type temperature correc- 

- 

tion to the Martian HzO content to be 
negligible. For our strong lines, a tempera- 
ture difference of some 20°K does not af- 
fect the line strengths more than 10-2076. 
The rotational lines which are strong in 
the Earth's atmosphere are, to a good ap- 
proximation, the ones to look for on Mars. 

We have measured the strengths of the 
strongest unblended telluric H,O lines 
( A h  7184, 7191, 7273); their W A  ranges 
from 200-300 mA. That means they are 
about 30 times as strong as our detection 
limit. To convert the ratio of the strengths 
of the telluric H,O lines and our hypo- 
thetical detection-limited Mars lines to a 
relative number of H,O molecules we em- 
ploy Goldberg's (1954) curve of growth. 
Table I lists some parameters for the Earth 
and Mars necessary for the curve-of-growth 
reduction. We find parameter a = 4.45 for 
the Eart,h and 0.28 for Mars; log (Wi/ 
2b,) = 1.15 for Earth and -0.3 for Mars. 
Entering the curve of growth with these 
values we find the factor of 30 in line 
strengths gives an approximate factor of 
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TABLE I 
PAR.4METERS NECESSARY FOR Hz0 CURVE-OF-GROWTH REDUCTION 

~~ ~~ 

Parameter Earth Mars 

AXD 19 m i  18 ?A 
b D  9.5 mA = 0.018 cm-1 
Average pressure in HzO region 0.8 atm 0.05 atm 
YH20 0.08 cm-I 0.005 em-’ 

WX 2’70 mA 9 mA (detection limit) 
W A / ~ ~ D  14.2 0.50 

9 mA = 0.01’7 cm-I 

r/bo = a 4.45 0.  Bo 

log ( W A / 2 B D )  1.15 -0.3 

52 in the relative number of H,O molecules 
due to the saturation of the strong telluric 
lines. The sharp Martian lines would be 
only slightly saturated. Their Doppler 
widths would be some 3 4  times their 
Lorentz widths. An independent curve-of- 
growth analysis by Dr. L. D. Kaplan 
agrees with our result. He used a technique 
developed by Kaplan and Eggers (1956). 
Since we observed Mars between quadra- 
ture and opposition the sunlight path was 
(sec 1 + scc z )  e 3.3 Martian air-rnabses 
for the oblique transversal in the Martian 
atmosphere. Fortunately Mars was high in 
the Victoria sky a t  the time of observation; 
see z = 1.4 for this plate. Thus the telluric 
H,O lines on our spectrogram were formed 
by (1.4) x 0.4 gm/cm- = 0.56 gm/cmz 
H,O. We then find our upper limit to the 
Martian water vapor content (in microns) 
to be: 

- 

5600 
Wa ‘ (52)(3.3) 

which means W g  6 35p or 3.5 X 10- 
gm/cm2. This low upper limit should be 
good to an estimated accuracy of about 
30%. Our limit approaches the theoretical 
equilibrium lower limit of l o p  set by Kel- 
logg and Sagan (1961) under the assump- 
t8ion of a water-ice cap. 

THE FUTURE 
It is of interest to speculate on the likely 

sensitivities of future ground-based, bal- 
loon, and space-probe searches for water 
vapor on Mars. 

Observations employing the Doppler 
shift technique are capable of pushing the 

detection limit well below our value of 35 p 
precipitable water. We compute that high 
dispersion spectroscopic observations made 
on a cold, dry night, say with W e  = 2 mm 
precipitable H,O, could detect any Alar- 
tian water-vapor abundance over l o p  if 
the h 8200 band is observed. With these 
stronger lines a larger curve-of-growth 
factor increases the sensitivity of the 
technique and the Doppler shifts reach 
+-0.41 A a t  quadrature. If infrared image 
tubes extend the wavelength range of 
reasonable exposures a t  high dispersion to 
the h 11,350 H,O band one should be able 
to improve the Mars detection limit to 
about 4 p  under the best of observing con- 
ditions. If the Martian polar caps are 
water-ice we should find measurable Mar- 
tian H,O lines on such infrared spectra. 

The balloon technique requires ascent t o  
over 80,000 ft, which leaves a small, but 
apparently variable, amount of stratos- 
pheric water vapor above the observer. 
Sagan (1963) estimates tha t  with a com- 
parison standard such as the Moon, Strato- 
scope observation of the absolute amounts 
of H,O at the 1.38 p and 1.87 p bands could 
detect some l o p  of Martian H,O if the 
observing conditions are stable. Presuma- 
bly a fly-by probe alleviates the necessity 
of correction for any residual telluric water 
vapor but energy and resolution limita- 
tions indicate that for the present genera- 
tion of Mars infrared spectrometers, some 
15-lop precipitable H,O is the limit of 
detection on Mars. However, the probe has 
the advantage of better spacial discrimina- 
tion, and thus the location of Martian 
“Oases,” if they exist, may be possible. 
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NOTE ADDED I N  PROOF-11AP 23, 1963 
As  suggested in this paper, the detection 

of Martian H,O lines a t  A8200 by the 
Doppler shift technique is quite possible. 
Several Mars water vapor lines were de- 
tected by Spinrad, Miinch, and Kaplan 
from Mount Wilson on April 12/13, 1963. 
A preliminary abundance estimate suggests 
about 5 - l o p  precipitable H,O for Mars. 
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